The complex [Ni(pn) 
Introduction
In the last two decades much attention was paid to the study of molecule-based magnets especially to Prussian blue analogues which are also used in molecular sieves, cation exchangers, electron scavengers, and radionuclide sorbents [1 -5] . In these cases metal spin sites are usually bridged by a spacer moiety and a superexchange interaction couples the spin sites. This type of coupling is a function of the spacer consisting organic molecules [6] . The polyfuctionalised spacer controls the magnetic coupling between the spin sites upon photo irradiation and shows an alternative way for the design of communication devices at a molecular level using π conjugated systems in contrast to the traditional electronic communication [7 -9] . Hexacyanometallate ions [M(CN) 6 ] n− (M = Mn, Fe, Cr etc.) act as good building blocks in transition metal complexes containing polydentate amine ligands. Bimetallic assemblies are obtained with structures ranging from clusters to 3D extended networks and discrete polynuclear species with interesting magnetic and magneto-optical properties [10 -13] . But the problem in the preparation of these complexes arises from the lack of solubility of cyanide-based assemblies due to the strong tendency of cyanides to form three-dimensional networks. This difficulty has been overcome by introducing capping ligands into the co-ordination sphere of the cation. The capping ligands 0932-0776 / 05 / 1000-1043 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com can control the topology of metal ions and enhance the solubility of the complexes. Chelating amines such as ethylenediamine (en), propane-1,3-diamine (1,3-pn) or 1,4,8,11-tetraazacyclotetradecane (cyclam) are used for this purpose.
Recently, a few cyanide-bridged compounds based on the nitroprusside anion have been reported which exhibit weak antiferromagnetic interaction between the paramagnetic transitional metal ions through the diamagnetic building blocks like [Fe(CN) [Fe(CN) 6 ] · 3H 2 O (tren = tris(2-aminoethyl) amine) has a 3D structure consisting of a Fe-CN-Ni-Fe-CN chain [18] . Besides these complexes, [ 
Result and Discussion
Complex 1 was synthesised by addition of an aqueous solution of sodium nitroprusside to a methanolic solution of NiCl 2 · 6H 2 O and racemic propane-1,2-diamine.
Infrared spectrum
The absorption band typical for a free NO is observed at 1876 cm −1 and that of NO − anion is recorded in the range of 1200 -1040 cm −1 , and the absorption band due to NO + cation lies in the range of 1940 -1575 cm −1 [27, 28] . The nitroprusside anion of Na 2 [Fe(CN) In the complex 1 we observed stretching vibrations ν(CN) at 2143 and ν(NO) at 1940 cm −1 . No splitting of the ν(CN) stretching band indicates the absence of cyano bridging. The spectrum of the complex contains a very strong broad band in the region of 3800 -3000 cm −1 indicating the stretching vibrations of the O-H bonds involved in H-bond formation [30] . The strong single peak at 1911 cm −1 was assigned to NO stretching implying a linear Fe-N-O bond. The structural diagram of complex 1 is shown in the Scheme 1.
Magnetic susceptibility study
The cryomagnetic behaviour of 1 is explained in Fig. 1 . The plot of χ m T vs. T appears to be constant (1.11 emu K mol −1 ) in the temperature range between 2 and 300 K. This value corresponds to the expected value for non-coupled paramagnetic octahedral Ni 2+ complex ions (S = 1, g = 2.24), which are magnetically isolated from each other. So, no magnetic exchange interaction occurs in the complex [31, 32] . 
Mössbauer spectrum
There is a quadrupole doublet having an isomer shift δ = −0.37 mm/s and a quadrupole splitting ∆ Q = 1.91 mm/s at 80 K. As there is no cyano bridging in the complex, the low δ value is probably due to the higher s-electron density around the Fe atom as compared to that of cyano-bridged complexes [33] .
Structure of the complex
Single-crystal X-ray structure analysis revealed that the complex [Ni(pn ble complex in which the iron(II) is six-coordinated by five carbon atoms from cyanide ligands and by one nitrogen atom from the nitrosyl group (Fig. 2) . The Ni(II) ion is coordinated by six nitrogen atoms of three racemic propane-1,2-diamine ligands. Selected bond lengths and angles are given in Table 1 . The complex 1 consists of a discrete [Ni(pn) 3 ] 2+ cation and a [Fe(CN) 5 NO] 2− anion. The coordination geometry around the nickel(II) ion can be described as octahedral. The two nitrogen atoms occupying axial positions form an angle of 168.5(3)
• . The methyl group on the ring is disordered and its sites are partially occupied. Thus C11 and C11 have site occupancies of 0.65 and 0.35, respectively. Similarly C14 and C14 have occupancies of 0.57 and 0.43, respectively, to count for one carbon. The hydrogens on these two disordered methyl groups were ignored. The Ni-N bond distances range from 2.111 -2.140Å (mean bond length is 2.12Å), in good agreement with the values reported of other nickel complexes [34 -36] .
The geometry of [Fe(CN) 5 NO] 2− is in good agreement with those of the previous studies Table 1 ). The greater electronegativity of the nitrosyl group with respect to the cyanide groups causes a deformation away from the octahedral geometry [43 -45] . An important aspect of the present crystal structure is an extensive network of N−H···N/O hydrogen bonds. The key hydrogen bonding contacts for 1 are listed in Table 3 . The acceptor (N−H···N/O) and donor···acceptor (H···N/O) distances are in the range of 1.96 -2.62Å and 2.862(11) -3.369(11)Å, respectively, which is within the generally accepted limits of H bonds [45] . The donor-H acceptor angle is in the range of 141 -174 • . All the amine nitrogen atoms act as donors and the uncoordinated water molecule in the lattice acts as acceptor. The result of this extensive hydrogen bonding is to hold two discrete ions in the crystal and impart overall stability to the system.
Experimental Section

Materials
All chemicals and solvents used for the synthesis were of reagent grade. Sodium nitroprusside Na 2 [Fe(CN) 5 NO]·2H 2 O (Loba Chemie, India), and nickel chloride NiCl 2 · 6H 2 O, (Merck, India) and racemic propane-1,2-diamine (Fluka) were used as received without purification. Since Na 2 [Fe(CN) 5 NO]·2H 2 O has a tendency to decompose on heating and irradiation, the synthesis of the complex was performed at room temperature and crystallization was performed in a dark room.
Physical measurements
The infrared spectra were recorded on a Perkin-Elmer RX-FT-IR spectrophotometer using KBr disc. The C,H,N data were obtained using a Perkin-Elmer 2400 II elemental analyser. The Ni content was estimated by the standard gravimetric method as dimethyl glyoximate. Magnetic measurements were carried out on polycrystalline samples (20 mg) with a Quantum Design MPMS SQUID magnetometer operating at a magnetic field of 1 T between 2 and 300 K. The contribution of the sample holder was determined separately in the same temperature range and magnetic field. Diamagnetic corrections were estimated from Pascal's constants. The magnetic susceptibility was fitted by least-squares techniques. Mössbauer spectra at 80 K were recorded on a conventional Austin S-600 Mössbauer spectrometer. Co(Pd) was used as the source and all isomer shifts are represented with respect to an α-iron foil.
Synthesis of the complex [Ni(pn)
To a methanolic solution (40 ml) of NiCl 2 ·6H 2 O (476 mg, 2 mmol), a solution containing propane-1,2-diamine (0.5 ml, 6 mmol) in 40 ml of methanol was added. To the resulting blue solution, a solution of Na 2 [Fe(CN) 
X-ray crystallography
Crystallographic measurements were made at 150 K using a Bruker-Nonius Kappa diffractometer equipped with a CCD area detector with graphite monochromatised Mo-K α radiation (λ = 0.71073Å) and ω-scan technique. The lattice constants were determined by least squares refinements of the setting angle for 25 reflections (1.77 ≥ θ ≥ 27.51 • ). The data were corrected for absorption effects by using the program SORTAV [46a]. The structure was solved by direct methods (SHELXS-96) [46b] and refined on F 2 by fullmatrix least-squares (SHELXL-96) [46c] of all unique data. All non-hydrogen atoms were refined anisotropically, and the hydrogen atoms were included in calculated positions (riding mode). The crystal showed almost no decomposition during data collection. Selected bond lengths and angles are presented in Table 1 . The crystal data and details of data collection and structure refinement are summarised in Table 2 . A general view of the structure is presented in Fig. 2 .
Supplementary material
Crystallographic data has been deposited at the Cambridge Crystallographic Data Centre with deposition number 260162. Copies of the information may be ob- ). The anions occupy C s sites in the lattice and present the usual distorted octahedral structure and the geometrical parameters (bond distances and angles) as in several nitroprussides. The cation, which has also a distorted octahedral structure, and one water molecule, also occupy a C s site. The structure of the cation is similar as found in other complexes but the average N-O distance (1.148Å) seems to be somewhat longer (1.131Å) as reported elsewhere [23] .
The coordination chemistry of the photochromic nitroprusside anion, [Fe(CN) O [43] are a cyanobridged polymer with a zigzag chain structure, and dimer, respectively. Thus the formation of a discrete or cyano bridged polymeric double complex is a function of the nature of the ligand of the cation. In complex 1 the steric demand of the methyl groups of racemic propane-1,2-diamine molecules perhaps blocks the formation of cyano bridges between the ions.
